Recruitment into computing-related undergraduate degree courses is challenging in several countries. This is despite employers reporting skills shortages, and the sector generally offering better salaries than for graduates of more popular courses. This paper describes a study (n=111) of the interest of 16 and 17 year olds in taking Computing-related degrees, particularly those that lead to user experience ( U X) careers, where there is both a local and global skills shortage. The picture that emerges is of surprisingly pronounced and entrenched attitudes, which are worthy of a more detailed study. Only one of eight typical computing job roles (Tester) was familiar while the term UX was almost unknown. The females in this study expressed antipathy even towards finding out about computing careers. An unexpected additional finding is the commonplace, and apparently inappropriate, use of Myers Briggs-style questionnaires in offering careers advice on computing to local school children. This paper will be of interest to those who seek to progress professionalism in the field of computing and to recruit (particularly female) school leavers into computing degrees.
Recruitment into computing-related undergraduate degree courses is challenging in several countries. This is despite employers reporting skills shortages, and the sector generally offering better salaries than for graduates of more popular courses. This paper describes a study of the interest of teenagers in taking computing-related degrees, particularly those that lead to user experience (UX) careers, where there is both a local and global skills shortage. The project grew out of a group discussion at a national event involving 16-year olds, colleges and universities, employers and public policy bodies. The other stakeholders realized that they could not respond adequately to a teenager's request that, unlike the situation for medicine, law or plumbing, the computing profession could not describe a student's progression over the next ten years before demanding their commitment.
After a review of the situation in other countries, we focus on a single local high school, one with a high university participation rate, and investigate the views of 16 and 17-year olds (n=lll) through an intermediary. Ethical constraints limit both the access to the subjects, and the generalizability of the data, yet the picture that emerges is of surprisingly pronounced 978-1-4673-5261-1/13/$31.00 ©2013 IEEE
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A. Evolving Prof essions in Computing
The recent rapid growth in career opportunities in User Experience (UX) offers new opportunities for human-centred careers in computing. Such roles help to counter the geeky/nerdy image of workers in computing, while the high salaries and rapid career advancement add to the lustre. Universities have added degrees in UX to those in Human Computer Interaction (HCI) or Interaction Design. Thus one might expect strong demand from school leavers, especially since they have lived their entire lives with access to the Web. Yet these "Millennials" appear to lack desire to study and work in the field of computing.
There is an alarming downwards trend in the number of young people, particularly females, choosing to study computing (this definition is broad and includes IT, IS, Networks, HCI, Digital Media, Interaction Design) as a subject at secondary school or as a career path. This is despite technological advancements, faster and cheaper access to the Internet, the popularity of social networking sites, the increasing numbers of online transactions and the widespread use of devices such as smart phones, laptops, iPhones or the eReaders. Several UK organisations, such as NAACE, BCS, The Chartered Institute for IT, and the Royal Society have expressed their concerns over this issue. The latter's call for evidence attracted 120 responses, highlighting the complex nature of the issue.
This has implications for HCI, as the stereotypical view of computing people as "Iacking in empathy" both becomes a self fulfilling prophecy and marginalises those who do care about the user. HCI job roles, on the other hand, have become better defmed in recent years, with a range of roles defined in competency frameworks such as the UK's Skills Framework for the Information Age (SFIA) [1], following many years of engagement by the community with those who define professionalism and job roles in computing.
11.

THE EVTDENCE OF DECLlNE
The literature reviewed for this study demonstrates that the issue of engaging young people, especially of female students in computing classes or undergraduate programmes and careers is a globai consideration. A study [2] of school leavers in Gennany found only 7.6% chose to major in Computer Science (CS) despite a dropout rate of 38%. A report by the Victorian Government in Australia [3] finds a worrying low regard for computing amongst school leavers, though other research [4] suggests there is no such issue for India. The OECD data for Europe [5] in Table 1 indicates a steady down ward trend although some smaller or lower-salary countries stabilise or even slightly increase. In the UK, The Royal Soclety [6] highlights the decrease m the numbers of students across the UK "with a fall of 33% in just three years in Computing GCSE students, a fall of 33% in six years in A level Computing and 57% in eight years in A Level Computing students in England" and [md a similar trend in Wales, Northern Ireland and ScotIand. Scotland has a different educational system to the rest of the UK, and needs [7] 10,400 new computing employees a year. Current participation in computing qualifications falls weIl short of this. The Scottish Qualifications Authority (SQA) 2006-2009 data shows a 3% decline in university entrance exam (Higher/Advanced Higher (AH)) passes in computing-related subjects, and 17% in the more junior Standard Grade Level.
Authoritative voices in the UK [6] suggests this decline is due to "poor quality of computing curriculum limiting the students' understanding and enjoyment" and that the Computing education in schools does not inform young people about the relevance of a career in IT. BCS cites a TV sitcom [9] as contributing to the poor media image of computing scientists and ICT specialists, presenting ICT jobs as "Iow status, routine, badly paid, held by anti-social geeks and likely to be offshore or evil hackers" [10] . Additionally only a small number of teachers in England have a degree in the subject [11] . Google CEO Eric Schmidt gained widespread press coverage by criticising the British computing curriculum and teaching approaches [12] . More recently BCS and others have worked together to respond [13] to these challenges and in England the new Computer Science curriculum, and, based on recent UK government announcements [14] , have influenced policy.
The situation in Scotland is seen [8] as a little better to the rest of the UK: primary school students learn Scratch programming and in secondary schools, computing is integrated into almost every subject on the curriculum. Nevertheless, Scotland shares the very low female representation in computing courses. In 2011, only 26% of those achieving A-C results (ie "good" passes) in Highers were females, and this worsens to 17% (80 female, 381 male) for the AH (the equivalent of first year at a Scottish University). Students take a practice "Prelim" exam before sitting these examinations, and, in 2011, only 20% of those taking the AH Computing Prelim were female.
A. Comparisons with other countries
Over the last ten years similar situations appear to have emerged in other countries and been addressed at different speeds and in different ways. Californian computing education was considered [15] a "land of missed opportunities" where connections are not made between computing and learners' interests. Just as in the UK, high school students were seen as learning how to use, rather than create, software; teachers lacked computing qualification; counsellors advise college bound students away from computer science. High school students' perceptions of computing professionals are people who sit "in front of computers and programming all day" [16] . Students at Carnegie Mellon University analysed academic papers, popular media and interviews to establish that "the images of computing were for the most part either absent or negative" [17] . Most were aware that the public had a narrow perception of CS and identified a gender gap in the enrolment data of their own department, which they attributed to cultural issues.
In their attempt to understand stereotypes in CS, German and American university students were asked to write computer autobiographies [18] , (a method also used [19] for the purposes of understanding the reasons why undergraduate students are dropping out of CS courses). They identified negative stereotypes even in the biographies of CS students. While non CS students used stereotypes to "differentiate themselves from nerdy computer experts, even some CS students distanced themselves from CS with comments such as "normal Computer Scientists", because of "the implicit low status of the prevalent stereotype about computer scientists" [18] .
However, computing is not negatively portrayed in all countries. An analysis of South Indian cinema draws attention to the reversal of this image in India, in contrast to the western culture. Though there is still a distorted understanding of computing, a positive image of programmers and computers in Indian films transcends cultural, class and gender barr iers. For example: fathers in rural parts of India, who once would refuse their daughters' requests to move away from horne to pursue a career, now think "if they work for computers, it is good" [4] . This positive portrayal of computers and their users in Indian media is claimed to make India a "leader in the Infonnation and Communications Technology for Development (lCTD) movement ... " and why India has no problems in convincing its youth in pursuing computing careers. Different terms may be significant here -CS has a more technical focus in some cultures than using the terms computing, IT or ICT.
B. Awareness 0/ computing careers "Loss of interest in the field and its potential careers" is cited as the most important reason why students leave computing courses [19] . Typical statements highlight the narrow understanding of the field, viewing careers as purely programming. Another study [20] summ arises the findings of Eccles et al. (1999) : "values attached to relevant job characteristics were significant predictors of teenage career aspirations". An analysis [21] of career expectations formed at age 16, concludes that, while a teacher's description of an occupation is influential, school resources devoted to careers advice "have limited influence on children's career expectations". That some of this data comes from the 1970s suggests a longstanding tradition of teachers being influential in their students' career choices.
In attempting to stern the decline, most initiatives target underrepresented groups -fern ales, ethnic minorities and the underprivileged. The results show a common style that seems to work, but most of these studies require longitudinal methods to gauge effectiveness in changing perceptions and ultimately convincing these groups to take up a career in computing.
C. Summary
The declining interest in computing subjects appears to be global and confrrmed by studies from the USA [22] , Australia [3] and Germany [2] . This causes great concern to industries, governments and educational institutions. An exacerbating factor (for the computing community) is that female participation in higher education is now notably higher than male in many industrialised countries. The consistent factors that emerge are the:
• Computing curriculum lacks relevance and context that is interesting to young people The literature shows that a partnership of governments, educational institutions and industry are working hard to design more engaging, relevant and pedagogically-effective computing curricula. These partnerships are also providing better infrastructures and national learning resources and mediums such as intranets for learning tools and best practice to be shared. If successful, these should gradually increase interest and participation in computing as a subject or as a career, however there seems very little to be done in order to achieve a more direct shift in the attitudes of young people. Retention studies at universities [19] , [20] show that these negative views even influence those students who have chosen to do a degree in the field. There is a large amount of literature relating to intervention programmes that have been implemented to change the declining interest in computing. Much of this literature, eg [23] , [24] shows that for any intervention programme to be successful, raising awareness of computing and related careers is crucial.
III. RESEARCH OBJECTIVES
The scope of this investigation is in the context of identifying the requirements for a website for High School students and is limited to discovering young people's awareness and perception of computing careers, and the way in which these might have an impact on their career choices. The objective of this research is to answer the following questions:
• Which factors shape young people's career choices?
• How much do young people know about computing jobs and to what extent does this impact on their career decisions?
• Are there negative perceptions of computing careers and computing professionals that might affect young people's career decisions?
• Are there gender differences in young people's interest in, awareness of and pursuing of the computing career path?
• Are there negative perceptions of computing careers and computing professionals that might affect young people' s career decisions?
There are complex ethical issues to consider in a study involving people aged under 18, and the timescale for this was such that a prolonged ethics approval process was not feasible. Thus we sought an ethically-valid compromise. The involvement of these young people is certainly justified to ensure that they can contribute, as stakeholders, towards the design of a system, such as a website, intended for their use. Beyond the scope of this paper is a review of how to carry out academic research with children and young adults -a highly specialised area which requires considerable training. After discussion with the faculty's ethics advisor, it was agreed that • no one aged under 16 would be involved in the study,
• the researcher would have no direct contact with the 16 and 17 year olds being surveyed, but rather would ask their teacher or career advisor to administer the questionnaire survey in the context of their general teaching and support roles.
Thus students could input as stakeholders as part of a website design process, but there are limitations on the validity of applying inferential analysis to the resulting data. This was not the only ethical constraint in the overall project -for the design of the website we would have preferred qualitative input from our stakeholders, but accepted evaluation by a domain expert instead.
A. Questionnaire A structured questionnaire was designed based on an existing attitudinal survey [3] of young people's awareness of computing careers. The questionnaire consisted of four pages with 12 questions that aimed to gather data on the following six sub-titles: demographics, familiarity with computing job titles, knowledge of and interest in computing careers, factors affecting career choices, source of career choices and young people's perception of computing jobs. All the items, except for age, were c10sed items (four point Likert scale plus "Don't Know") for ease of analysis and to enable generalisations. The questionnaire was piloted on 7 people between the ages of 19 to 55 before the edited version was administered to the target group. One of the conslderatIOns for thls study was to find sampies to represent young people at the career decision stage of their lives. The survey was administered by a qualified teacher, a Head of Year with responsibilities for career advice under exam conditions during the timetabled "study skills" classes. The teacher agreed to give the following verbal explanation to the students:
• This survey will take no longer than ten minutes.
• You do not have to complete the questionnaire if you do not want to.
• If you feet uncomfortable with any of the questions, you do not need to fmish it.
• The results will be used to help identity how best to advise school leavers about career opportunities.
Additionally a short explanation was printed on the survey sheet. Only age and gender was captured as personal data. 126 students from the final two years (S5 and S6) of a secondary school in Edinburgh took part in the study at the beginning of school year 2011/12, and 111 completed responses were received. Unexpectedly, another 11 were returned from those listing their age as 15 (at that time of year, some children had not reached their 16th birthday) and, after taking ethical advice, these were excluded from further study and destroyed. At the time of the study, the total number of S5/S6 students in the school was 341 (178 male, 163 female). The selection of participants was arbitrary based on the c1asses of the teacher who agreed to administer the questionnaire, 43 females and 68 males completed the survey, thus females were underrepresented in the sampie. Due to the number of 15 year olds, we cannot be precise, but approximately 40% of eligible boys and 30% of eligible girls participated.
For the purposes of this study cluster sampling [25] was used, as a secondary school already consists of a natural selection of the age group required for the survey; however it should be noted that the secondary school where the survey was administered is in an affluent part of Edinburgh and does not represent the entire population of young people in Scotland or in the United Kingdom (UK). The school also has an unusually high proportion of students who progress to university .
IV. RESULTS
A. Students who have already chosen a career
The majority (72 or 64.9%) of these students have already decided on their future jobs. 22 (30.6% of the above subset) first heard about this job from family, 19 from media and 17 from someone who does the job. Unexpectedly, Teachers (6) and career advisers (4) were cited by few. In terms of a computing career, 31 said they will "defmitely not" and 27 said they are "not likely toto pursue a computing career. Only 7 students said they will "defmitely pursue" a computing career and the same number said they "might". These seemingly low figures are consistent with overall percentages of the population in professional computing careers, but one might expect a higher proportion from those likely most to progress to higher education.
B. All students 49.5% of the full sampie stated that they know "very little" (41) or "nothing" (14) about ICT careers, and, when asked if they would like to learn more about ICT careers, 40.5% (45) were "not sure" and 27% (30) said "definitely not".
We used modes to analyse the response to questions about perceptions of computing jobs (1 =Strongly agree (SA); 2=Agree (A); 3=Don't know (DK); 4=Disagree (D); 5=Strongly disagree (SD)) 
C. Applying statistical tests
Despite the stated limits to the validity of inferential analysis, some standard statistical tests were run on the data to see if it suggests any particularly strong relationships, ie those for which p<O.OOI, or a 0.1% chance of error, compared to the more typical 1 % or 5% tests.
A Mann-Whitney U test comparing those who would "definitely pursue" (7) with "definitely not pursue" (47) suggest a strongly significant difference between those participants for the following perceptions of computing jobs:
• "Involves human interaction" (U=36, z=-3.3, p< 0.001).
• "Computing is fun" (U=27, z=-3.9, p<O.OOI).
• "Computing is prestigious" (U=27.5, z=-3.8, p<O.OOI).
A Pearson's correlation was used to analyse the relation between knowledge of computing and enthusiasm for pursuing a computing career fmding significance level less than 0.001 and r =0.652 (Table 4) . 
D. Gender
The differences between male and female respondents is quite pronounced -compared to the males in this study, the females are much less likely to be studying computing, even less likely to study it in future. They say they know Iittle about computing careers and have no interest in fmding out. This may be due to the sampie -only 11 % (F) v 38.2% (M) were studying an ICT-related subject, 95.4% (F) v 67.6% (M) were unlikely to, or would dejinitely not, pursue an ICT career. However these gender differences reflect typical gender splits in university computing departments and in ICT-related graduate recruitment in the UK.
E. Awareness ofTypical Roles
We listed eight typical computing roles (drawn from local job adverts to represent a cross section of computing specialisms) and asked familiarity with these. The range of responses was unexpected. The majority said they know exactly what a Tester does while a majority claimed they know a "little bit" about what aGames Developer, Software Engineer and Programm er do. For Systems Analyst, Database Developer and Security Engineer, most knew fittle or nothing, while User Experience Developer is the only computing job in the list which the majority of all the students had "never heard of it" . This is particularly surprising, given high salaries and local skills shortage in this field, and that these jobs provide the high levels of human interaction desired by participants. On reflection, alternative terms such as UX Design, Interaction Designer, or Usability Professional, though less prevalent at the time, might have elicited a different response. An analysis (March 2013) in Google Trends of these terms suggests that a more prevalent term now would be UX Design Jobs, or UX Designer Jobs. In the UX industry, globally, there is both a lack offormal definition of UX Designer v UX Developer, but also a degree of consensus about what each does. Local recruiters tend to use the terms more interchangeably.
The gender divide on this question -only a single female knew what was involved in this job, and a proportionately more females than males had "never heard of it" -is particularly interesting, as the local UX industry has a roughly even gen der split. A similar set of results was found for the term Systems Analyst. The results indicate that the majority of these young people have already decided on their future jobs by the ages of 16/17. Family, media and "people who are already doing the job" seem to have most impact on students' career decisions. This contrad icts a study [21] of past cohort data which suggested the teacher was the greatest influence on their students' career decisions. This could indicate that any intervention programme to reverse the current trends in computing should involve families and media, while any product to challenge misperceptions should present people from the computing industry as role-models.
Our study is consistent with previous research (for example, [19] [22] [26] ) which highlights the lack of popularity of computing subjects and careers among young people in the western world. While not every young person is suited to computing, from this sampIe a surprisingly high proportion "definitely do not want" a computing career. Lack of knowledge, or negative images, of computing people and careers is correlated with this lack of interest. Conversely, the more these young people know about computing and computing careers, the more they are likely to have positive perception of the field. While we might expect interest in, and knowledge of, to be related, the majority (typically estimated at 60-65%) who work in the UK computing industry do not have a computing qualification and tend to join the profession after converting from an earlier degree. An early intervention programme to inform young people of computing careers and the opportunities available in the field appears likely to increase interest and lead to an earlier choice of a computing career.
Answers to other questions in our survey suggested that career decision factors of location, commuting, ease of promotion, or salary appeared not to differ between those who do, and do not, want to pursue computing careers, while studying computing at school does unsurprisingly correlate (p<O.OOI) with positive perception, knowledge 0/ computing, interest in learning more about computing, and intent to pursue computing career. This suggests that the computing profession needs to influence subject choice that students and parents make from age 13 onwards.
This study is consistent with literature on gender difference: the proportion of girls who study computing and who want to pursue computing as a career, is significantly lower than that of boys. A far lower proportion of girls, than boys, in our survey state they know anything about computing careers, that they would like to learn more about computing careers, or hold positive perceptions of the field. Again, earlier intervention is needed to attract more girls to the computing field.
VI. FUTURE WORK
Our data gathering was to establish requirements for a website, which was developed and prototyped with teachers to a positive response. Subsequent initiatives (such as http://www.bigambitionscotland.coml) have already addressed issues that we planned to address, but a further, much more detailed study appears to be justified into teenage attitudes to the range of computing careers. Such a study should ensure equal participation by males and females, cover a socio economic range of schools, and go through the ethical processes to allow a wider range of younger children to participate. This could be triangulated with investigations into the views of parents, employers, teachers and careers advisors.
One aspect, that space does not permit us to cover here, is the apparently widespread use of Myers-Briggs (MBTI) [27] (or MBTI-style) tests in existing websites to advise students on careers, particularly in those websites promoting computing careers. Discussions with specialists in human resources suggests this is, at the least, an abuse of the MBTI licensing requirements, while an international recruitment consultant has provided us with rich reasons why he considers such tests are ineffectual for most, if not all, aspects of recruitment into graduate computing roles. It may even be that the mechanistic nature of these tests only serves to confrrm antipathy towards computing. For example one study [28] suggests "ESTJs, ESTPs, ENTJs and ENTPs make good systems analysts" and "ISTPs, INTPs, INTJs make good programmers" It's not hard to imagine that a 16 year old might intuitively reject such a reductionist view.
In subsequent work, we would like to document the development and expert evaluation of the web-site, and place this in the context of other recent "Computing in Schools" initiatives in the UK.
VII. CONCLUSION
Despite the acknowledged limitations of this study, this school is typical of Scotland in terms of the gen der split of students studying computing. Thus specific intervention programmes, such as Google's two-month-old F scheme [29] or Scottish Resource Centre's "work with women entering further and higher education, those in education and women working in SET" [30] are steps in the right direction. While both initiatives appear to be effective in supporting females who have already chosen the field, there seems to be a dearth of initiatives to recruit more young girls into the field in the first place. Our female participants say they don't know whether working in the computing field is prestigious or if there is a high job demand in computing. Young people need this data in an understandable form.
This study confrrms other work [31] which found that, by the ages of 16117, the majority of the young people already have an idea about their future careers. Therefore, any intervention programme that airns to promote computing careers should do so earlier. The expert evaluators involved in the website evaluation stage of the project told us that, while young people may say they have made their career decisions, they tend to change their opinions while studying for a degree, or realise that they cannot gain the qualifications required for their choice and end up having to change their plans for future. Thus there is a subsequent window of opportunity to inform about careers in computing.
An unexpected finding of this study is that Careers Advisers or Teachers seem only to play a very small role in the career decisions these young people make. The major influences on these young people' s career decisions are, respectively, their parents, the media, and someone who already works in the field. Furthermore, when asked who they think should inform them of computing careers, most believe that it should be someone who does the job. If this is consistent in other schools, then any intervention programme to change perceptions of young people should focus more on parents and role-models, and on careful media campaigns. Although inconsistent with the findings in Australia [3] that rated people from the industry and work experience more highly than the family; this may be due to differences between careers advice practices in Australian and Scottish schools.
In line with works of [16] , [19] and [26] the findings of this study also suggest students have an "incorrect perception of the computing field or none at all" or the images of computing are "either absent or negative" [17] . If generalizable, the attitude of Scottish youngsters is sirnilar to that of 14 to 19 year olds in Victoria, Australia and the following negative images of computing careers are still waiting to be challenged in Scotland:
• Computing careers lack human interaction.
• A career in computing would be very boring.
• Computing is a male dominated field.
• A computing career involves sitting in front of a computer all day. Encouragingly, in contrast to previous studies [18] , the majority of the participants disagree that the people who work in the computing industry as 'socially awkward'.
